The fraction of nucleic acid molecules captured in a membrane pore compared to the amount flowed through (capture efficiency) is a function of pore geometry, flow parameters, and adsorption kinetics (Figure S-1) . The concentration of nucleic acids at any position in the pore, C (r, z), was simulated at steady-state using the Transport of Diluted Species module of Comsol Multiphysics (version 4.4) with the parameters listed in Table S Geometry: The model was assembled using a cylindrical geometry drawn in 2D axially The diffusion coefficient used was for DNA 2 , 10 -11 m 2 /s.
S-I. Flow-through capture simulations
The fraction of nucleic acid molecules captured in a membrane pore compared to the amount flowed through (capture efficiency) is a function of pore geometry, flow parameters, and adsorption kinetics (Figure S-1) . The concentration of nucleic acids at any position in the pore, C(r, z), was simulated at steady-state using the Transport of Diluted Species module of Comsol Multiphysics (version 4.4) with the parameters listed in Table S 
C in
Inlet concentration of nucleic acids 1 μM The diffusion coefficient used was for DNA 2 , 10 -11 m 2 /s.
Kinetics: The binding rate between nucleic acids and the capture agent was assumed to be second order with respect to nucleic acid concentration and capture agent surface concentration.
We assumed the surface concentration of capture agent (γ) was in excess (and therefore unchanging during the course of the adsorption reaction) and estimated it to be 10 -7 mol/m 2 .
With a kinetic rate constant estimated from nucleic acid-cationic polymer kinetics 3 , the adsorption rate occurring at the pore wall is shown in Eq. S-2.
Normally, adsorption kinetics include both an on and off rate. However, in this situation, we excluded the off rate from analysis because it was insignificant compared to the on rate (k on ~ 10 7 M -1 s -1 , k off ~ 10 -3 s -1 , reference 38 from the manuscript).
Boundary conditions: The inlet concentration of nucleic acid molecules (C in = 10 -6 mol/L) represents a normal nucleic acid concentration in human blood plasma 4 . Axial symmetry was imposed at r = 0, and a flux boundary condition (Eq. S-3) was imposed at r = R p to represent the adsorption of nucleic acid molecules to the surface of the pore wall.
Mesh and solver settings: The geometry was meshed using a Free Triangular mesh with a maximum element size of 0.0525 m. The Direct Stationary Solver (PARDISO) was used with a nested dissection multithreaded preordering algorithm and an auto scheduling method.
S-II. Equation 3 and Figure 2b
The number of pores in a membrane (n p ) can be calculated from the porosity (ϕ) as in Eq. S-4.
The flow rate through the entire membrane (Q) is the flow rate through each pore (Q p ) multiplied by the number of pores (Q = n p Q p ). Using Eq. S-4 for n p and solving for Q p gives the following:
Eq. S-6 results from plugging Eqn S-5 into the relationship between pore flow rate and flow
Then, using Eq. S-6 in Eq. 2 and setting the condition that Pe < 1 yields Eq. S-7.
Solving Eq. S-7 for Q yields Eq. 3. ϕ = 0.6 and D = 10 -11 m 2 /s were assumed for all calculations.
To calculate the pressure drop as a function of pore radius (R p ) and membrane radius (R m ),
Pouiselle flow was assumed (Eq. S-8). Flow rate through the pore (Q p ) was replaced with flow rate through the entire membrane (Q) using Eq. S-5. Q (1 mL/min), μ (10 -3 Pa·s), and ϕ (0.6)
were held constant; R p and R m were varied from 1 to 3 μm and 1 to 3 mm, respectively. The results, along with regimes of Pe < 1 calculated from Eq. 2, are plotted in Figure 2b . We clarify that capture efficiencies > 90% are only possible when the capture agent is in excess of the target DNA molecule and Pe < 1, which is the case for 100 ng of input DNA (Figure S-2 ).
On the other hand, the purpose of the experiments in Figure 3 was to measure the total binding capacity of the chitosan membrane (i.e., occupy all the cationic binding sites). To accomplish this, larger quantities of DNA (1000 ng) were flowed through the membrane and the capture efficiency was not expected to be high; in fact, with each successive load, it should decrease to 0% until all binding sites are occupied. Indeed, we observed that the capture efficiency in Figure   3 varied from 60% in the first run to 20% in the fifth run-by the time the fifth load of 1000 ng DNA was flowed through the membrane, there were fewer binding sites available and thus the recovery was much lower than the first load when all binding sites were available.
S-IV. Compatibility of chitosan membrane with in situ amplification
To test the compatibility of chitosan membranes with in situ PCR amplification, 1 μL of varying concentrations of λ DNA was wetted into chitosan membrane with a radius of 2 mm. The membrane was then placed in a well plate and 10 μL PCR mix was added to the well. Replicates containing 10 μL PCR mix with the same amount of λ DNA and no membrane present were also included. The well plate was inserted into an Ilumina Eco TM real-time PCR System (EC-101-1001) and thermal cycled; correct λ-phage DNA product was verified with melt curve analysis.
The PCR mix and thermal cycling conditions used were the same as described in the Experimental Section. Figure S-3a shows that chitosan membranes are compatible with in situ PCR amplification down to ~2 copies/reaction.
To test compatibility with in situ LAMP amplification, 20 copies of λ DNA were wetted into a chitosan membrane with a radius of 2 mm. The membrane was then placed in a well plate and 10 μL LAMP mix was added to the well. Replicates containing 10 μL LAMP mix with 20 copies of λ DNA and no membrane present were also included as solution controls. The well plate was inserted into an Ilumina Eco TM real-time PCR System and incubated for 40 min at 68 °C. Schematic of syringe/luer lock system used to flow mL-scale volumes through the chitosan membrane with a radius of 2 mm. A chitosan membrane is placed in between two luer locks. A syringe containing a nucleic acid sample is connected to the top luer lock and the plunger is compressed to flush the sample through the membrane. Then, the luer locks are disconnected from the syringe, taken apart, and the membrane containing captured nucleic acids is placed in a PCR tube along with amplification mix for thermal cycling. It is important to note that while Table S-4 includes experiments done on multiple batches of membranes over 8 months, it does not include all experiments that we performed with chitosancoated nylon membranes. Using binding capacity measurements (described in Experimental Section) and DNA capture experiments (described in S-V), we determined that there was batchto-batch variation in the fabrication process. Therefore, only those batches with consistent performance were analyzed and other batches that did not meet our standards were excluded from analysis. Figure 5a of the manuscript. To reliably detect ultra-low concentrations of nucleic acids from large volumes, we reduced the background DNA amount to 10 ng and relaxed the constraint imposed on the experiments for Figure 5a that the solution be flowed through the membrane at 1 mL/min. We instead flowed through at ~0.3 mL/min and compared 50 mL solutions with 100 ng background DNA to 50 mL solutions with 10 ng background DNA. These experiments showed that 25 copies in 50 mL can be consistently detected when the flow rate and background DNA are reduced from the previous constraints of 1 mL/min and 100 ng. The data is shown in Table S A mixture of primers from Table S-7 was made at 5 μM each in nuclease-free water and used for the PCR amplification reactions described in this manuscript. A mixture of each primer from Table S-8 was made in nuclease-free water and used for the LAMP amplification reactions described in S-IV. The concentration of each primer in the 20X mixture is also listed. 
